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Abstract 
According to social rank,  high rank people are located “Up” and low rank people are located “Low”. “Up” and 
“Low” are concept of spatial arrangement. However, they are used as metaphors to represent the social rank. 
This study describes psychophysical experiments to confirm whether there is a link between the “Up and Low” of 
the spatial arrangement and “High and Low” of the social rank. In the experiments,  two randomly words from three 
words that have social ranks were shown to subjects vertically on the display. We taught the subjects a target word 
at the beginning of the experiments. We asked the subjects to check whether the target word appears. If the target 
word appeared, subjects pressed the button as soon as possible. We obtained reaction times of the button press by 
psychophysical experiments. We assumed a linear model that contains three elements: “Time which differs between 
the target word”,  “Time which differs between the spatial arrangement of the words to be presented ”, “Time which 
differs between the social rank”. 
The results show that the reaction time in case that social rank coincides with spatial arrangement is significantly 
shorter than the reaction time in case that social rank does not coincide with spatial arrangement. 
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1. Introduction 
We have position, such as hierarchical relationship. It is called as Social rank, since we have the hierarchy1 in 
society. High rank people are located “Up” and low rank people are located “low” by the social rank.  
“Up” and “Below” are concept of spatial arrangement. Spatial information, such as perceived physical body size, 
and facial and body postures, is used as an indicator of social status in many non-human species2. However, in 
addition to non-verbal cues, we developed the concept of words such as “high vs low status” and similar concept, in 
the culture and language. Therefore, it connects social rank to the spatial domain3. 
However, Christoph D Dahl told that relation between “high” and “low” of social rank and “up” and “low” of 
spatial arrangement is not just a metaphor. They showed the relation affects the real action of chimpanzees4. The 
study showed that “up” and “low” of spatial arrangement has a direct impact on the concept of social rank, and ”high” 
and “low” of social rank was not just a figurative expression. 
However, it has not been investigated regarding human. This study describes psychophysical experiments to 
confirm whether there is a link between  “Up and Low” of spatial arrangement and “High and Low” of the social 
rank regarding human. 
 
2. Psychophysical experiments 
In this chapter, we describe the experimental methods, experimental environment and visual stimulation. 
2.1. Experimental System 
In this study, we constructed an experimental method referring to the study of chimpanzees. We developed the 
experimental system with MATLAB and Psychtoolbox-3. The following three words were used in the experiment: 
“ᩍᤵ” means a professor, “ຓᩍ” means an assistant professor, “ㅮᖌ” means a lecturer. These three words have 
social rank with “ᩍᤵ” (professor)> “ㅮᖌ”(lecturer > “ຓᩍ”(assistant professor).  
The experiment was carried out with visual stimuli. A visual stimulus is a combination of two words from the 
three words arranged vertically across the gazing point (Fig. 1). 
 
Fig. 1. Examples of the visual stimuli. 
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2.2. Visual stimulus 
 The gazing point image and the stimulating image were displayed alternately (Fig. 2). 
 
 
 
Fig. 2. Flow of the visual stimuli. 
Presentation time of the gazing point image is at random  between 2000ms to 3000ms. The stimulating image is 
displayed for 600ms.  
Also, the presentation number has been presented 30 times per combination. The experiment presented 180 times 
(30 times / one per X 6 types). 
2.3. Experimental methods 
At the begging of each psychophysical experiment for each subject, we told the subject a target word.  After that, 
we told that the subject to click the left button of the mouse if the target word was included in the displayed stimulus. 
In addition, we also told that the subject to click the right button of the mouse if the target word was not included. 
We measured each Reaction Time (RT) from the beginning of each visual stimulus to each push of button by each 
subject.  
We told the subjects a target word selected from either “ᩍᤵ”(professor) or “ຓᩍ”(assistant professor). The 
experiments for each subject were performed with two words. However, we counterbalanced the order of stimuli 
among  subjects. 
 
Fig. 3. Example of the psychophysical experiments. 
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3. Result 
We measured each RT of each subject and calculated the average of all subjects’ RTs per each target word. 
However, RTs of mouse clicks with wrong answers were excluded. In addition, RT outliers which time length is 
more than 2SD were also excluded. 
To compare the experimental results, we focused on the results of combination of the Professor and Assistant 
Professor (Fig. 4). The horizontal axes in Fig.4 indicate stimulation patterns, and the numbers accord to the numbers  
in Fig.1. The vertical axes indicate the reaction time (ms). 
 
(a)                                                                           (b) 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) AVG. RT of “Professor”; (b) AVG. RT of “Assistant Professor” 
As a result, regarding the target word "professor", the average of the RT of all subjects by the combination of 
"Professor / Assistant Professor" was shorter than that by the combination of "Assistant Professor / Professor". 
Regarding the target word "Assistant professor", the average of the RT of all subjects  by the combination of 
"Assistant Professor / Professor" was shorter than the combination of the "Professor / Assistant Professor". 
Incidentally, the expression "AAA / BBB" means that “AAA” is displayed upper, and that “BBB” is displayed 
below in the experiment.  
In the previous study regarding chimpanzee, reaction time depended significantly on whether or not the social 
rank and spatial arrangement was consistent. 
However, in this experiment regarding human, when the word of interest is displayed on the spatial top, shorter 
reaction time was obtained. 
However, we estimate the influence of social ranking. Because the difference between RTs for each stimulation 
pattern when the target word is "Assistant professor" is smaller than the difference between RTs for each stimulation 
pattern when the target word is "Professor". 
 
4. Social Bias Index (SBI) 
The experimental results, by comparing the average value of the Retweeted, it was not possible to prove the 
suggestions of previous studies. Also, when the word of interest is presented above, RT is shortened. 
In addition, we postulated the influence of social ranking. Because the difference between the RTs for each 
stimulation pattern when the target word is "Assistant professor" is smaller than the difference between the RTs for 
each stimulation pattern when the target word is "Professor". 
From the above, we propose a linear model called Social Bias Index (SBI). 
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4.1. Linear model 
We assumed that a RT consists of several time elements depending on several factors in the reaction time 
obtained in the experiment. It was considered to have three major time elements as follows. 
x Time element depending on the difference between the target words 
x Time element depending on the difference between the arrangements of the words to be presented 
x Time element depending on the difference between the social ranks 
The most important time element is the time depending on the difference between the social ranks. We asse 
 
Fig. 5. Linear model for RT of  “Professor” 
 
Fig. 6. Linear model for RT of “Assistant professor” 
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From Fig.5, we developed the following  two formula s. 
 
(1) 
 
(2) 
 
From Fig.6, we developed the following formulas. 
 
(3) 
 
(4) 
 
 
“A, B, C, D” is reaction time that can be obtained by experiment. “Ș” is the time element when social rank of the 
target word is high, and the target word is arranged upper. “ș” is the time element when social rank of the target 
word is low, and the target word is arranged lower. “a” is the time element when the target word is displayed upper. 
“b” is the time element when the target word is displayed lower. “Ϩ” is the time element of target word: Professor. 
“Ț” is the time element when social rank of the target word is low, and the target word is arranged upper. “ț” is 
the time element when social rank of the target word is low, and the target word is arranged lower. 
“ϩ” is the time element of target word: Assistant professor. 
4.2. Social Bias Index (SBI) 
From the linear model shown in Fig.5 and Fig.6 in the previous section, we defined the index to investigate 
whether the difference in social rank is affecting RT. 
First of all, from the formula (1) to (4), 
 
(5) 
 
(6) 
 
 
From equation (5), (6), 
 
(7) 
 
It was derived. To organize a formula (7), 
 
(8) 
 
It was derived. 
We named the answer of equation (8) Social Bias Index (SBI). 
In the process of calculating the SBI, the time of difference between the target words (Ϩϩ and the time of 
difference between the arrangement of the words to be presented (Șș are canceled. So, SBI was reflected in the 
time of the difference between the social ranks. 
(Ț+ș) was the sum of the time when the higher and lower of social rank and upper and lower of the spatial 
arrangement did not match. In addition, (Ș+ț) was the sum of the time when the higher and lower of social rank 
and the upper and lower of the spatial arrangement matched. 
 
 
 
Ϩ aA D
Ϩ bB E
ϩ aC J
ϩ bGD
,)()()( ϨϩϨϩ    ACaAaCaJ
,)()()-( ϩϨϩϨ   DBbDbBGE
),()()( DABCDBACa    GEJ
),()()( DABC   GDEJ
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So, 
 
(9) 
 
If the SBI is a positive value (the equation (9)), better spatial arrangement and social rank are matched, it can be 
said that RT is shortened. 
4.3. Test 
In fact, to determine the SBI from the reaction time of 8 subjects (Table 1). In the SBI of the calculation, the 
target words of “Professor”, “Assistant Professor” both was using RT of the stimulation pattern of 
“Professor/Assistant Professor” and “Assistant Professor/Professor”.  
Table 1. The SBI of each subject. 
Subject ID Social Bias Index (SBI) 
S1 49.8384 
S2 6.8520 
S3 22.3157 
S4 6.4478 
S5 -0.5790 
S6 33.9506 
S7 45.2326 
S8 32.6107 
Average 24.5835 
 
In addition, we examined the trend to test the strain of all subjects. In this study, the test was used Wilcoxon 
signed-rank test. 
When you search for a strain of each subject, it became p = 0.0156 (significance level of 5%). 
So, the reaction time in case that social rank coincides with spatial arrangement is significantly shorter than the 
reaction time in case that social rank does not coincide with spatial arrangement. 
5. Discussion 
The purpose of this study, based on the Christoph D Dahl previous studies,  is to confirm whether there is a link 
between the spatial recognition and the social rank in human being by psychophysical experiments. 
An experimental method in light of the previous studies were performed, in addition, the subject of the 
psychophysical experiments were actually collected. 
As a result of the experiment, we did not obtain the conclusion that the reaction time in case that social rank 
coincides with spatial arrangement is shorter than the reaction time in case that social rank does not coincide with 
spatial arrangement from the average value of the reaction time. In addition, the reaction time was short in case that 
the target word displayed on the above, because the target word displayed upper affects the reaction time more than 
social rank. As a result, the reaction time was short. We believe the difference between the visual face photos and 
readable words as visual stimuli. We also believe the difference between the species of the chimpanzee and a human. 
Moreover, we also think that the subjects  have tendency to move their eyes from top to bottom, because  Japanese 
sentences are written sometimes vertically and Japanese people read them from top to bottom. 
However the difference between the RT for each stimulation pattern when the target word is "assistant professor" 
is smaller than the difference between the RT for each stimulation pattern when the target word is "Professor". 
We assumed there are three time elements in the reaction time from the experiment: “Time element depending on 
the difference between the target word”,  “Time element depending on the difference between the arrangement of the 
0)()( ! GDEJ
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words to be presented”, “Time element depending on the difference between the social rank”. In addition, we 
assumed the linear model from the three time elements. 
Based on the assumption, in order to research whether the relationship of social rank and spatial arrangement is 
affecting the reaction time from the experiment developed the index is called Social Bias Index (SBI). 
If SBI is positive value, it indicates that the reaction time is short in case that social rank coincides with spatial 
arrangement. 
In fact, the results of obtaining the SBI from the reaction times of all the subjects, the average of all subjects SBI 
became positive. 
Then, as a result of the test, it was possible to determine the p = 0.0156 (significance level 5%). It showed that 
reaction time in case that social rank coincides with spatial arrangement is significantly shorter than the reaction time 
in case that social rank does not coincide with spatial arrangement. 
From the experimental results, a tendency that social ranking affects the spatial arrangement in chimpanzees4, it 
has similar tendency in human beings. 
In this study, from the experiment regarding reaction time, we found the tendency that the reaction time became 
shorter in case that social rank coincides with spatial arrangement in human. 
However, we were not able to find the neuroscientific reason for the grounds.  
As a future topic, we think we will be able to find neuroscientific reasons by using EEG (ElectroEncephaloGram). 
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